where Js is the salt flux, Jw is the water flux, c is the salt concentration, D is the diffusion coefficient, φ is the porosity, and τ is the tortuosity of the support membrane. The negative value of the salt flux on the left side of the equation indicates that the salt flux is oppositely directed compared to the increasing distance x as defined in Figure 1 in the manuscript. Equation (S1) can be rearranged to
Further, Equation (S2) can be rearranged to an ordinary differential equation which can be integrated over the porous membrane support layer using the concentrations and distances defined in Figure 1 
and resembles the effective diffusion length through the membrane support layer [1] . A similar integration of Equation (S3) over the boundary layers on each side of the membrane, gives + + =
and + + =
respectively. The porosity and tortuosity in the boundary layers will equal unity (i.e. φ = 1 and τ = 1) and ds and df have been introduced as the thickness of the boundary layer on the skin and support side of the membrane, respectively. The mass transport through the membrane skin is described by the flux equations
This equation relates the salt concentration difference over the membrane skin to the bulk concentration and the boundary layer thickness on both sides of the membrane as well as the characteristic membrane parameters A, B and S. A is included implicitly through the water flux Jw.
Impact of Temperature and Concentration on Water and Salt Permeabilities
It is reported in literature that both water and salt permeabilities will be temperature dependent [2] [3] [4] , due to changes in the diffusion resistance in the membrane skin, and possibly also with concentration [4] . Changes in the diffusion resistance in the membrane skin may be caused by several phenomena occurring in the dense structure relating both to the kinetic properties of the diffusing species and to structural damping effects of the polymer. Different approaches may be pursued in order to explain mentioned effects in the diffusion coefficient [5] . Initially, we have chosen to use a temperature and concentration relationship similar to the Stoke-Einstein relationship describing the diffusion of large molecules in a solvent composed by small molecules. The StokeEinstein relationship is given as [5] 
where kB is the Boltzmann constant, R0 the diameter of the specie, µ is the viscosity of the solvent and T is absolute temperature. It follows from this equation that the diffusion coefficient will increase with increasing temperature through the kinetic part of the equation which reflects the molecular movements. On the other hand, the diffusion will decrease with increasing viscosity of the fluid, which may depend on both temperature and concentration. Our hypothesis is that a similar dependency with respect to temperature and viscosity (meaning a damping effect) is experienced for both the water and the salt permeabilities. The temperature and viscosity relationship to the diffusion coefficient in Equation (S11) are therefore applied to study the relative changes in water and salt permeability, which gives the following expressions for the temperature and concentration dependency of water and salt permeabilities:
and
respectively. In these equations the A0 and B0 are the water and salt permeabilities measured at a reference temperature T0 and reference concentration c0. The β's are coefficients that include any temperature and concentration dependencies of the respective permeabilities that deviate from the expected relationship given in Equation (S12) and (S13). Following the analogy with diffusion coefficients in solutions, the changes in permeabilities can be ascribed to molecular movements reflected in the temperature-part of the equation, and additionally to a damping factor for the transport of salt and water through the membrane skin. The water viscosity was used as a first approximation for the latter. Together with the direct temperature relationship the proposed relationships proved to explain the observed behavior well (cf. Section 3 and results section of the main paper).
Impact of Temperature and Concentration on Structure Parameter and Film Thickness
The structure parameter is defined in Equation (S5) and depends on the thickness, the porosity and the tortuosity of the membrane support. For a limited range of variation in temperature and salt concentration these properties can be assumed to be constant provided that the thermal expansion is insignificant and that the polymer do not swell or shrink due to variations in the salt concentration. Consequently, the structure parameter is expected to be independent of variations in salt concentration and temperature within the experimental region explored in this study.
Further, the mass transfer resistance in the boundary layers on the surfaces of the membrane will also contribute to the overall mass transfer resistance according to Equation (S10). It has been demonstrated [1, 6] that the resistance in the boundary layer on the membrane support in most cases will be negligible compared to the resistance exerted by the boundary layer on the membrane skin.
The boundary layer thickness can be expressed with a mass transfer correlation on the form [5] Re b c Sh a Sc  has currently been reported for use in PRO at low Reynolds numbers and spacer filled channels [7] . To demonstrate the effect of concentration and temperature on the film thickness Equation (S15) has been rearranged to:
where e is a new empirical coefficient. Equation (S16) shows that a change in concentration or temperature will influence the boundary layer thickness through changes in the Reynolds number and the Schmidt number, i.e. through changes in density, viscosity and in the diffusion coefficient.
Materials and Methods
In order to study the impact of concentration and temperature on water and salt fluxes systematically a Design of Experiment (DoE) strategy [8] have been applied, where the concentration and temperature have been varied either according to a central composite design (CCD) or a facecentred central composite design (face-centred CCD). The latter design was employed for some membranes due to insufficient cooling water supply during the warm summer months where the lowest temperature condition was not achieved, thus disregarded the use of central composite design for those experiments. Both designs are illustrated in Figure S1 , which additionally defines the experimental concentration and temperature region. 
The β's are regression coefficients describing the effect of the respective variables. It should be noted that the experimental data contain sufficient degrees of freedom to obtain good estimates of the regression coefficients in the ANOVA, and their significance were tested using t-statistics. In this study a significance level of 5 % was used, i.e. the p-value of the variables obtained in the ANOVA should be less than 0.05 before the effect of the variable was considered significant. 
Analysis of Variance of Flux Data
The measured water and salt fluxes as function of temperature for the TFC membranes are shown in Figure S2 through Figure S5 , respectively. The corresponding measured fluxes for the CA membrane are shown in Figure 3 in the main paper. The effect of the concentration is also implicitly shown, where the figures indicated for each data point (PRO mode only) give the applied draw concentration. For further discussion see the main paper.
The results from ANOVA of flux data from the osmotic experiments are shown in Table S2 . It can be observed that the effects of both temperature and concentration were found to be significant for both water and salt fluxes for all membranes. However, the interaction effect of temperature and concentration was observed to have low impact and was found to be significant for only three salt fluxes and none of the water fluxes. It should be noted that the regression model for the salt flux of the TFC1 membrane has a significantly lower R 2 (adj), indicating less good fit to the data set. This can likely be ascribed to the uncertainty (standard deviation) in the salt analyses. Table S2 . Regression coefficients and R 2 (adj) for relative water and salt fluxes measured in PRO mode and FO mode. Note that only coefficients having a p-value less than 0.05 are shown. correspond to the applied draw concentration (g/l NaCl) in that experiment.
Determination of the Membrane Parameters A, B and S
The separate sets of flux data that was presented in the previous section, each set corresponding to one combination of concentration and temperature, was comprised by two water fluxes and two salt fluxes. Since the ratio of water and salt flux can be considered constant for measurements performed with the same membrane 6 , the four fluxes comprise three degrees of freedom that were utilized to determine the model parameters, A, B and S by applying the transport model described in Section 2.1.
Film Thicknesses
To determine A, B and S by solving the transport model the thicknesses of the boundary layers on the membrane surfaces will need to be determined separately. As shown by Equation (S16) the film thickness will vary according to changes in temperature and concentration due to changes in the Reynolds number and Schmidt number, i.e. changes in diffusion coefficient, density and viscosity. The parameters b and c in Equation (S14) was set to 0.57 and 0.40, respectively, when evaluating a PRO process [7] . These values have also been used when applying Equation (S16) to determine the relative variation in film thickness with respect to temperature. The relative changes in film thickness as a function of temperature are shown in Figure S6 . It can be observed that the relative film thickness decreases with increasing temperature. Further, a sensitivity analysis of changes in the empirical parameters b and c in Equation (S16) was performed by varying the parameters by ±20 % in the temperature range 5-35 °C. The results show that the largest change in film thickness occurred at 5°C, where an increase in film thickness around 40 % was observed. However, for the remaining temperature range the change in film thickness was less than 20%. This corresponds to a maximum change in the diffusion path of 16 µm, and for most cases typically less than 8 µm. Further, the change in film thicknesses due to changes in concentration according to Equation (S16), i.e. changes in density, viscosity and diffusion coefficient due to changes in concentration, was shown to be less than ± 0.5 % within the concentration range studied. Figure S6 . Relative changes in film thickness as function of temperature according to Equation (S16).
Based on the above discussion it was substantiated that the overall resistance for mass transport will be dominated by the structure parameter, and any changes in the film thicknesses due to concentration or temperature will be insignificant compared to the transport resistance related to the structure parameter. Further, the impact of changes in film thickness due to changes in concentration and temperatures were additionally found to be smaller than the uncertainty in the estimation of the structure parameter that were estimated to be around 5-20 % based upon comparison of the results performed at standard conditions for each membrane. Thus, it was decided to keep the film thicknesses constant during the following data analyses.
Thorsen and Holt [1] presented a two-dimensional model describing the mass transport in the diffusion films on each side of the membrane and compared the resulting concentration polarization profile with the film model. They found that a film thickness in the range of 30-50 µm resulted in conformity between the two models. Thus, a film thickness of 40 µm has been applied for experiments performed according to the standard test protocol.
Structure Parameter
When keeping the film thicknesses constant, the transport model will comprise three unknown parameters, i.e. the water permeability (A), the salt permeability (B) and the structure parameter (S). Since the water and salt fluxes have been measured in both FO and PRO mode, the degrees of freedom are sufficient to enable determination of the three parameters at each test condition. Figure  S7 shows the impact of variation in concentration and temperature on relative changes in the structure parameter for each of the five different membranes. The average of the replicates determined at the centre point condition has been applied as reference value for each membrane.
Only a minor variation in the structure parameter for the CTA and TFC4 membrane was observed due to changes in temperature and concentration. The membranes TFC2 and TFC3 were also observed to have small variation in the structure parameter, with one or two observations that deviates significantly from unity. On the other hand, a large variation with temperature and concentration was observed in the modelled structure parameter for the TFC1 membrane. The large variation was a result of high uncertainty in the measured salt fluxes for this membrane, which also influenced the modelling for this membrane. This was also observed when analyzing the data with the empirical model in Section 3.1, where the modelled salt flux of TFC1 had the lowest R 2 (adj) (cf. Table S2 ). To obtain an objective measure of the significance of the observed variation in the modelled structure parameter, an analysis of variance was performed, using the standardized structure parameter, i.e. subtracted the mean and divided by the square root of the standard deviation of the structure parameter for each membrane. The p-value for each coefficient, the resulting degrees of freedom from the F-test, including the residual standard error for each membrane are shown in Table  S3 . None of the coefficients turned out significant at the 5 % level, supporting the hypothesis that the structure parameter is constant within the concentration and temperature range tested. Table S4 . Regression coefficients and R 2 (adj) for the relative permeability models developed according to Equation (S13) and Equation (S14), respectively. 
